An NG108-15 cell line, a hybrid cell line, is artificially formed by the fusion of mouse neuroblastoma (N18TG-2) and rat glioma (C6-Bu1) cell lines. NG108-15 cells have been used as a suitable model system to investigate the mechanisms of neuronal development and differentiation.
] i ) induced by high-KCl application and the amplitude of Ca 2ϩ current were significantly augmented when NG108-15 cells were differentiated. [5] [6] [7] [8] [9] [10] Voltage-sensitive sodium channels (VSSCs) have been existed not only in neuron, cardiac and skeletal muscle, but also in a variety of hormone secretory cells. VSSCs play a critical role in controlling the electrical excitability of animal cells, being primarily responsible for the rising phase of the action potential. 11, 12) In mammalian nerve and muscle cells, VSSCs consist of a pore-forming a subunit in association with one or two auxiliary b subunits. a Subunits have been cloned nine isoforms (Na V 1.1-1.9). These isoforms have been classified as members of a single gene family, Na V 1, on the basis of amino acid sequences. Six isoforms (Na V 1.1-1.4, 1.6 and 1.7) are all considered 'tetrodetoxin (TTX)-sensitive' Na ϩ channels. On the other hand, the remaining three isoforms (Na V 1.5, 1.8 and 1.9) are all considered 'TTX-resistant' Na ϩ channels. In addition, b subunits have been identified three isoforms (b1-b3).
In contrast, little is known about developmental changes in the dynamics of Na ϩ during differentiation of NG108-15 cells. The present work, therefore, aims to reveal any developmental alterations in intracellular Na ϩ concentration ([Na ϩ ] i ) evoked by the application of high-KCl solution or veratridine (Vtd), a VSSCs agonist. It is to be noted that voltage-sensitive Na ϩ channels (VSSCs) are characteristic of mammalian nerve cells, 11, 12) and NG108-15 cells are thought to obtain neuronal features when differentiated. 1) 
MATERIALS AND METHODS
Cell Culture NG108-15 cells (passage number: less than 15) were grown in high glucose Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal bovine serum and 0.1 mM hypoxanthine, 1 mM aminopterin, 16 mM thymidine (HAT) under a humidified atmosphere of 7.5% CO 2 at 37°C. The cells were harvested and subcultured by reseeding at a density of about 10 4 cells/ml, in culture dishes with quartz bottoms, which were precoated with poly-L-ornithine. On the following day, 0.75 mM Bt 2 cAMP was added to the culture medium to induce cell differentiation. The supplemented medium was replaced every two days and the cells were used for experiments on day 6-7 after reseeding. Undifferentiated cells were grown under the same conditions with the medium devoid of Bt 2 cAMP. Statistics Statistical analysis was performed using the unpaired Student's t-test and multiple groups were evaluated by one-way analysis of variance. A p value of less than 0.05 was considered statistically significant.
Measurement of [Na

RESULTS
In order to test the possibility that the dynamics of the Na ϩ current changes during differentiation of NG108-15 cells, both control and differentiated cells were exposed to veratridine (Vtd), a Na ϩ channel agonist which causes voltage-sensitive Na ϩ channels (VSSCs) to stay open by inhibiting inactivation. 14, 15) Undifferentiated (i.e. untreated with Bt 2 cAMP) NG108-15 cells with few neurites produced a very small rise, if any, in [Na ϩ ] i when exposed to 50 mM Vtd (Fig. 1A) , and no significant differences could be observed when compared with control ratio values (Fig. 1C) . Arrows indicate the points when the indicated solutions were introduced to the perfusion system. In contrast, a prominent response was detected when differentiated (i.e. Bt 2 cAMP-treated) cells with several long neurites were exposed to the same amount of Vtd (Fig. 1B) . It should be noted that owing to dead space from the solution container to the stage of the microscope, which is necessary for warming up the solution, it takes approximately 2 min for the test solution to reach the cells. Vtd-evoked responses observed in Bt 2 cAMP-treated cells were significantly (pϽ0.01) larger than those in untreated cells (Fig. 1C) . The concentration of [Na ϩ ] i in response to 50 mM Vtd in differentiated cells was calculated as described by Diarra et al. 13) using gramicidin D. The basal [Na ϩ ] i was estimated to be 10.4Ϯ2.7 mM, and it rose up to 44.1Ϯ9.3 mM when differentiated cells were exposed to 50 mM Vtd (Table 1) . When another mediator of depolarization, 60 mM KCl solution, was applied to NG108-15 cells, no significant elevation in [Na ϩ ] i could be observed either in untreated or in Bt 2 cAMP-treated cells (Fig. 1C) .
Since the Vtd experiments suggested an involvement of VSSCs in [Na ϩ ] i responses, tetrodotoxin (TTX), a specific blocker for VSSCs, was applied to NG108-15 cells. Fig. 2A illustrates that a Bt 2 cAMP-treated cell generated an elevation in [Na when the toxin was washed out (Fig. 2B) , showing that the blocking action of TTX is reversible. Further experiments were carried out to examine the interaction of two types of depolarization mediators, i.e. Vtd and 60 mM KCl. Vtd causes Na ϩ channels to open and to stay open for along period, while high-K ϩ solution produces continuous depolarization of the cell membrane. As illustrated in Fig. 3A , [Na ϩ ] i response induced by 50 mM Vtd was similar to that by Vtd plus 60 mM KCl. Indeed, no significant differences could be observed between these responses (Fig. 3B) . DISCUSSION NG108-15 cells have been widely used to study differentiation of nerve cells because of their sympathetic nerve origins. 8) Morphological analysis indicates that the number and the length of neurites can be augmented by treating NG108-15 cells with various types of chemicals such as dexamethasone, PG E1 plus theophylline, dibutyryl cAMP (Bt 2 cAMP) etc. [2] [3] [4] 16) As for functional analysis of NG108-15 cell differentiation, voltage-sensitive Ca 2ϩ channels (VSCCs) have previously been studied, 9) while data about voltage-sensitive Na ϩ channels (VSSCs) is limited. The present work, therefore, has been carried out to assess any changes in the properties of VSSCs during differentiation of NG108-15 cells.
High K ϩ (60 mM) solution and veratridine were both used to depolarize NG108-15 cells in our experiments. It should be noted that our results indicate that the high K ϩ (60 mM) solution, which has been widely used as a depolarizing agent of the membrane potential, is not suitable for assessing cellular Na ϩ dynamics using image analysis (Figs. 1, 3 ) as pointed out by Rose and Ransom. 17) Since Na ϩ currents rapidly inactivate upon continuous depolarization induced by high K ϩ , only negligible amount of Na ϩ can be introduced into the cell (Fig. 1C) . In contrast, experiments performed with Vtd, which causes VSSCs to stay open by suppressing inactivation, 15) have clearly shown that dynamics of Na ϩ , assessed by image analysis (Fig. 1) , were augmented when NG108-15 cells were differentiated by Bt 2 cAMP. In addition, the [Na ϩ ] i response data indicating that the amplitude of the response evoked by 50 mM Vtd was enhanced in Bt 2 cAMPtreated cells suggest that the number of VSSCs, especially TTX-sensitive types, increases during differentiation (Fig. 2) .
A physiological role of up-regulated response for VSSCs in Bt 2 cAMP-treated NG108-15 cells is considered the possibilities as follows. 1) Up-regulated response may play an important role for maintain of synaptic transmission, particu- larly receptor stability at synaptic area, because maintain of receptor stability and neurotransmission at neuromuscular junction is needed continuous stimulation on the motor nerve, 18) perhaps via an activation of VSSCs. 2) When NG108-15 cells differentiate to neural cells, as a result, upregulation of VSSCs is apparently observed during the time, because it is well known that VSSCs are specifically expressed in excitable cell such as neural and skeletal muscle cell.
It is very important to confirm the mechanism for neural differentiation. Therefore, it is reasonable whether the response of increased [Na ϩ ] i to Vtd is observed in differentiated NG108-15 cells treated with reagents except Bt 2 cAMP such as PGE1, dexamethasone and retinoic acid etc. However, we have not investigated about the experiment.
The NG108-15 cell is hybrid cell, so that it is considered the possibility that the increased [Na ϩ ] i to Vtd may be due to the character of glial cell. However, it seems unlikely the possibility, because it is well known that one of original cells for NG108-15 cell, rat glioma (C6-Bu1) cell has not VSSCs and that VSSCs are mainly expressed in neural cells, although glial-like cells are sometimes observed in Bt 2 cAMPtreated NG108-15 cells.
The increase in the number of VSSCs in Bt 2 cAMP-treated NG108-15 cells seems to be correlated with development of VSCCs during differentiation, as has been suggested in other types of cells. For instance, entry of Ca 2ϩ through L-type Ca 2ϩ channels increased the number of VSSCs via regulation of mRNAs for VSSCs in GH 3 cells. 19, 20) In N1E-115 neuroblastoma cells, on the contrary, an increase in [Ca 2ϩ ]i reduced the expression of Na ϩ channel mRNA. 21) As for alterations in Ca 2ϩ channels in NG108-15 cells, our previous study has shown that the rate of KCl-stimulated 45 Ca uptake by NG108-15 cells became greater when the cells were treated with Bt 2 cAMP and that this 45 Ca uptake was selectively inhibited by various types of L-type channel blockers.
3) In addition, the B max value but not the Kd value for an L-type Ca 2ϩ channel blocker, (ϩ) [ 3 H] PN200-110, was significantly increased in Bt 2 cAMP-treated cells, 4) indicating that the number of L-type Ca 2ϩ channels increases in Bt 2 cAMPtreated NG108-15 cells while the properties of the channels remained intact. Furthermore, Tojima and his co-workers verified that Bt 2 cAMP evoked the synthesis of L-and N-type VSCC proteins 22) via the activity of PKA (cAMP-dependent protein kinase) through p-CREB (phoshorylated cAMP response element binding protein)-mediated gene expression. 16 ) Considering these results, including ours, we would like to present the idea that an increase in the number of Ca 2ϩ channels is possibly responsible for quantitative expression of VSSCs during differentiation of NG108-15cells treated with Bt 2 cAMP.
